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Dear Ms. Glenn: 

As requested in EPA's letter dated March 26, 1990, the Group 
set forth its recoiiunendation for the most appropriate remedy 
in its letter to EPA dated March 26, 1990. On several 
occasions, we have provided the agency with technical 
information demonstrating why soil vapor extraction combined 
with groundwater treatment is feasible for this site, and 
complies with all requirements of the National Contingency 
Plan. We believe it would be helpful to reiterate some of 
that information in this letter. 

It should be noted that site soils do not pose a significant 
risk under the current or potential future use scenario and 
fall within the acceptable range of IXIO""* to 1X10~°. 
However, the soils have been evaluated for remediation to 
eliminate the source of future ground water degradation. 
Thus, soil clean up levels were developed. 

Soil Vapor Extraction (SVE) is the most logical and 
appropriate treatment for soil. This treatment technology has 
been used, including the SITES program, and is currently being 
recommended by USEPA for sites with similar characteristics 
(see Attachments I & II). Based on discussions with SVE 
vendors, there are no conditions at the Bluff Road Site which 
would prevent the effective remediation of the soils if the 
system is properly designed and operated (see Attachments). 
SVE will achieve soil cleanup levels required so that the 
combined remedy will meet or exceed ARARs in the most cost 
effective fashion. 
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SVE has an added benefit of being in-situ process as opposed 
to thermal/incineration which would involve considerable 
excavation and its associated difficulties regarding materials 
handling and ash handling. These handling problems and 
residuals management issues have caused significant problems 
throughout the EPA regions on both PRP and EPA lead remedial 
activities. Thermal/incineration will also recjuire 
significant additional land-use and off-site access both for 
the ecjuipment itself and staging areas for raw soil and 
subsequent ash storage. This is a particularly critical 
concern given the proximity of designated wetlands. 

As with any technology, appropriate design is necessary to 
ensure effectiveness. If EPA is not satisfied that SVE will 
wor'k at the Site, then we recommend that the Record of 
Decision provide that if remedial design work, including any 
necessary pilot testing, indicates that SVE is not effective 
at this Site, an alternative soil treatment technology, such 
as thermal/incineration will be recjuired. This approach of 
providing for a possible backup technology if the preferred 
technology is shown to be ineffective, has been used at 
several sites by EPA. 

The National Contingency Plan mandates that cost effectiveness 
be evaluated, and that, among technologies achieving 
comparable levels of protection, the most cost effective 
remedy is appropriate. SVE meets those requirements. EPA's 
March 29, 1990 letter, lowering the estimated amount of soil 
to be remediated does not effect the cost estimates in the 
FS. Best engineering practice and experience dictate that the 
"best case", lower range costs are not appropriate for 
developing engineering cost estimates. A recent study 
indicates that the remedial activities cost are routinely 50% 
higher than the estimated values (see Attachment III). It 
should be noted that with a range of 16,000 to 45,000 cubic 
yards of soil, a significant overrun would be experienced 
using thermal/incineration if the 45,000 number is the 
appropriate number. However, only a small cost increase would 
ensue if SVE is the chosen remedy under the same 
circumstances. Hence, SVE complies with the NCP. 

We hope this information is of assistance to the agency in 
making its final remedial technology selections. We do 
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request that this letter be included in the administrative 
record. If you or your staff have any questions, please 
contact me at (615) 691-5052. 

Best regards. 

(iiy iA/v4,v^*<, jv._C^''t-^T-i-<eA/'o-©-o-c><~..,,,^^ 
V©^ Michael A. Miller 

Attachment 

cc: Lorelei Borland 
Deborah Espy, USEPA Counsel 
Keith Lindler, SCDHEC 
Quentin Pair, DOJ 
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EPA INTERNAL MEMO CRITICIZING SOIL FLUSHING: TEXT 

S U B J E C T : Comments o i R a n e d i a l Design and Remedial Action Woric Plan - Rose Township - Demode Road Site . . 
T O : Scott Ruling • •- = 
F R O M : Ralph Ludwig : 
D A T E : 11/27/^9 

In summary, I do not suppon the implementadon of a soil flushing process for the subject site as proposed. I fed . .• 
the effectiveness of the proposed soil flushing process will be questionable and that soil vacuum exiracnon (SVE) . . 
would be a much better bet. Comments are as follows; 

1. The success of the proposed soil flushing process would depend on the vadose zone material exhibiting a . . / 
reasonable degree of permeability and homogeneity. The subject report describes the vadose zone as consisting of 
"granular soil" exhibiting a hydraulic conductivity of approximately 3.0E-3 cm/sec. Although this description may, in 
general, be correct, boring logs from the June 1987 RI/FS report prepared by E.C. Jordan Co. appear to indicate a . 
potentially significant clay content and possibly high degree of heterogeneity within the vadose zone. Such properties 
of the vadose zone material are not likely to be conducive to a soil flushing process. Significant heterogeneity within 
the vadose zone coupled with a significant clay content could result in strong preferential flow paths in some areas and 
little or negligible flow in other areas (i.e. areas of stagnation). Much of the contamination may reside in the lower '~ 
permeability areas coinciding with areas of stagnation. In other areas, die VOCs may be associated with capillary-
held residuals and may be inaccessible to passing water. Given these concerns regarding the nature of the vadose zone 
and the VCX distribution within the vadose zone, the proposed soil flushing process is not recommended given die 
availability of SVE. 

^ 

2. If the vertical permeabili ty of the vadose zone material 
is 3 . 0 £ ' 3 , then an imersutial velocity or leaching rate of about 
30 ft/day could theorencally be expected. This would corre
spond to the removal of about 3 0 pore volumes in the vadose 
zone per day. These numbers are based on a conservatively 
assumed soil porosity of 0 3 . Were the vadose zone material 
homogeneous, the calculated interstitial velocity would suggest 
that the rate of liquid flow through the vadose zone would not 
be expected to be a hindrance to the proposed soil flushing 
process. Due to che apparently significant heterogeneity within 
the vadose zone, however, s trong preferential flow paths proba
bly exist and for most pores, far fewer than 30 volumes per day 
are removed. 

3 . The cleanup levels achievable and the time frame 
required for cleanup will be governed by several factors other 
than just the rate of fluid flow. These factors include the natural 
soil organic content and mineralogy, and the kinetics of con
taminant desorption and dissolut ion characteristic of the soil-
contaminant matrix. The natural soil organic content and min
eralogy of the vadose zone mate i ia l will govern die means by 
which contaminants are I x m i d to soil-constituent surfaces and 
therefore whatforces will b e required to effect their dissociation 
or removal. Contaminant desorption and dissolution rates will 
depend on the specific soil-water partitioning properties of the 
contaminants and can be expected to decrease widi decreasing 
soil contaminant concentrations. Bench-scale soil column stud
ies on undismrfoed and preferably large soil cores would be 

required to provide the necessary insight into the expected rates '-
of contaminant removal for the particular vadose zone material 
in question. --

4 . The implementation of a soil flushing process as p r o - ' " 
posed will impan an additional source of contamination to the ^ 
underlying ground water. This is undesirable gnri should be. -
discouraged particularly given the availability of cleaner tech
nologies such as SVE. 

5. Soil vacuum extraction (SVE) would be a more desirable 
means of remediating the VOC contaminated soils. SVE would J: 
avoid die problem of further contaminating die underlying 
ground water and would effect cleanup much more rapidly. Hie , 
anticipated faster cleanup time fiame is based on the much more.' 
rapid diffusion of contaminants '"to the aqueous phase (as 
would occur using a soil flushing process). In addition, the ' 
advective flow of air in the SVE process will be considerably 
greater than the advective fiow of water in tbe soil flushing--
process. As well as encouraging volatilization, SVE can be "-
expected to also stimulate biodegradation of the vadose zone 
contaminants by providing a continuous aad ample source of 
oxygen. It should be Icept in mind that odier organic contami-..Lr 
nants not classified as V(3Cs (e.g. napdialene, pentachlorophe-j:!: 
nol. and phthalates) are also present in the subject soil and diat 
a soil flushing process using water will almost certainly nor:: 
effectively remove diese compounds. Pnh<mri»H biodegrada-l't 
tion may be die only effective means of remediation for diese;bT 
contaminants. : u'sr;.'.; 

• •.••.c:=ii 

e. 

1R SUPERFUND REPORT —March 14,1990-^ 
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Agerury 

EPA/54O/S5-aaO03 
May 1989 

SUPERFUND INNOVATIVE 
TECHNOLOGY EVALUATION 

Technology Demonstration 
Summary 

Terra Vac In Situ Vacuum 
Extraction System 
Groveland, Massachusetts 

Tarra Vac Inc's vacuum extraction 
ayst«m was d« inons t ra t«d at tha 
Vai lay M a n u f a c t u r a d P r o d u c t s 
Company, Inc., s i ta In Orovaland, 
Massachusatts. Tha proparcy Is part 
of tha Grovatand Walls Suparfund 
sita and Is contaminated mainly by 
t r tch loroathyiana (TCE). Vacuum 
axt rac t ion a n t a i l s ramova t and 
vanting of voiatiia organic constit-
uants (VOCs) such as TCE from tha 
vadosa or unsaturatad zona In tha 
ground by usa of axtraction wails and 
vacuum pumps. Tha procass of ra-
moving VOCs from tha vadosa zona 
using vacuum Is a pmtanted process. 

Tha aight-wa«l( tast run produced 
tha following raauits: 

• extraction of 1,300 Ib of VOCs 

• a steady d e c l i n e In the VOC 
recovery rata with tima 

• a marked reduct ion in soli VOC 
coTKcntratlon In tha tast area 

• i f t Indication that tha process can 
remove VOCs from clay strata 

This Summary was developed by 
EPA'a Risk Reduct ion Engineering 
Laboratory, C i n c i n n a t i . OH, to 
pinnrMinre kev f indings of the SITE 

program demonstration that I t fully 
decvmentad In two amparatn rBports 
o f the same t i t l e (see o r d e r i n g 
Information at back). 

Introduction 
Environmental regulations enacted in 

1984 (and recant amendments to the 
Superfund program) discourage the 
continued usa of landfilling of wastes In 
favor of remedial methods that will treat 
w destroy the wastas. The Superfund 
program no«|̂  requires that, to the 
maximum extent practicable, cleanups at 
Superfund sites must empkiy permanent 
solutrans to the wasta problem. 

The Superfund Innovative Technology 
Evaluatnn (STTE) program is one maior 
response to the chaJleoga of finding safe 
ways to deal with wasts sites. Part of the 
program includes carefully planned 
demonstration pro jec ts at certain 
Superfund sites to test new wasta 
treatment technologies. These new 
alternative technologies will destroy, 
stabilize, or treat hazardous wastes by 
changing their chemical, biological, or 
physical characteristics. 

Under tha SITE program, which is 
sponsored jointly by the USEPA Offica of 
Research and Development (ORO) and 
tha Offica of Solid Waste and Emergency 
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^ ^ ^ p ^ponse (CSwefl). the USEPA selects 
10 or 12 Superfund sites each year at 
which pilot studies of promis ing 
technologies can te conducted. Sites ara 
chosen to match the effectiveness and 
applicability of a particular technology 
with specific waste types and local 
conditions. The pilot studies ara carefully 
monitored by the USEPA. Monitoring and 
data co l lect ion de te rm ines how 
affectively tha technology treats the 
waste, hc^v cos t -e f f ec t i va l y the 
technology compares wi th more 
traditional approaches, and that the 
operation can be conducted within all 
publ ic health and env i ronmenta l 
guidelines. 

The Groveland Wells site was selected 
for such a demonstration project for 
1987. The site is the location of a 
machine shop, the Valley Manufactured 
Products Company, Inc., which employs 
a p p r o x i m a t e l y 25 p e o p l e and 
manufactures, among ether things, parts 
for valves. The company has been in 
business at the site since 1964. As an 
integral part of its building-wide operation 
of screw machines, the company has 

^ M | d different types of cutting oils and 
^ ^ ^ e a s i n g solvents, mainly trichloro-
^ ^ P f l e n e . tetrachloroethylene. trans-1.2-

dichloroethylene, and methylene chloride. 
The contamination beneath the shop 

apparently is caused by a leaking storage 
tanl< and by former improper practices in 
the storage and handling of waste oils 
and solvents. The contamination plume is 
moving in a northeasterly direction 
towards and into the Mill Pond. 

The USEPA has been involved since 
1983. 'When the Groveland Wells site was 
finalized on the National Pnorities Ust. 
The initial Remedial Investigation (Rl) of 
the Valley property was carried out by 
tha responsible party (RP). Valley 
Manufactured Products Company, Ire. A 
supplemental Rl was conducted by 
Valley in the fall/winter of 1987 to 
determine more complataly tha full 
nature of contamination at tha Valley site. 
A sourca control Feasibility Study was 
performed by USEPA to evaluate various 
methods for cleaning up or controlling tha 
remaining contaminants. A Record of Da-
cision (ROO) for the site was signed in 
October 1988 calling for vacuum extrac
tion and groundwater stripping. 

The Terra Vac system is being utilized 
^ ^ ^ a n y locations across the nation. This 

^ ^ ^ r t is based on monitoring the Terra 
^ ^ V patented vacuum extraction process 
^ ^ S . Patent Nos. 4593760 and 4660639) 

at the Groveland Wells sita during a four-
and-one-half-month field operation 
pariod, with emphasis on a 56-day 

demonstration test active traatment 
period. The report interprets results of 
analyses performed on samples and 
establishes reliable cost and performance 
data in ordar to evaluate the technology's 
applicability to other sites. 

The main objectives of this project 
were: 

• The quantification of tha contaminants 
removed by the process. 

• The correlation of the recover/ rate of 
contaminants with time. 

• Tha prediction of operating time 
required before achieving si te 
remediation. 

• The effectiveness of the process in 
removing contamination from different 
soil strata. 

Approach 
The objectives of the project wera 

achieved by following a demonstration 
test plan, which included a sampling and 
analytical plan. The sampling and 
analytical plan contained a quality 
assurance project plan. This QAPP 
assured that the data collected during the 
course of this project would be of 
adequate quality to support the ob
jectives. 

The sampling and anaiytical program 
for tha test was split up into a pretest 
per iod, which has been cal led a 
prefreatment period, an active period, 
midtreatment, and a posttreatinant per
iod. 

The pretreatment period sampling 
program consisted of: 

• soil boring samples taken with split 
spoons 

• soil boring samples taken with Shelby 
tubes 

a soil gas samples taken with punch bar 
probes 

Soil borings taken by split spoon 
sampling were analyzed for volatile 
organic compounds (VOCs) using 
headspace screening techniques, purge 
and trap. GC/MS procedures, and the 
EPA-TCLP procedure. Addi t ional 
properties of the soil were determined by 
sampling using a Shelby tube, which was 
pressed hydraulically into the soil by a 
drill rig to a total depth of 24 feet. These 
Shelby tube samples were analyzed to 
determine physical characteristics of the 

subsurface stratigraphy such as buiv 
density, particle density, porosity, pH, 
grain size, and moisture. These param
eters were used to define the basic soil 
characteristics. 

Shallow soil gas concentrations were 
collected during pre-, mid-, and post-
treatment activities. Four shallow vacuum 
monitoring wells and twelve shallow 
punch bar tubes were used at sampia 
locaticns. The punch bar samples wera 
collected from hollow stainless steel 
probes that had been driven to a depth cf 
3 to 5 feet. Soil gas was drawn up the 
punch bar probes with a low-volume 
personal pump and tygon tubing. Gas-
tight 50-ml syringes were used to collect 
the sample out of the tygon tubing. 

The active treatment period consisted 
of collecting samples of: 

• wellhead gas 

• separator outlet gas 

• primary carbon outlet gas 

• secondary carbon outlet gas 

• separator drain water 

All samples with the exception of the 
separator drain water were analyzed on 
site. On-site gas analysis consisted of 
gas chromatography with a flame 
ionization detector (FID) or an electron 
capture detector (ECO). The FIO was 
used genera l ly to quant i fy the 
trichloroethylene (TCE) and trans 1,2-
dichloroethylene (DCE) values, while the 
ECO was used to quantify the 1,1,1-
trichloroethane (TRI) and Ihe tetra
chloroethylene (PCE) values. 

Tha separator drain water was 
analyzed for VOC content using SW846 
8010. Moisture content of the separator 
inlet gas from the wells was analyzed 
using EPA Modified Method 4. This 
method is -good for the two-phase flow 
regime that existed in the gas emanating 
from the wellhead. See Table 1 for a 
listing of analyticai methods applied. 

The postti-eatment sampling essentially 
consisted of repeating pretreatment sam
pling procedures at locations as close as 
possible to the pretreatment sampling 
locations. 

The activated carbon canisters were 
sampled, as closa to the canter of the 
canister as possible, and thesa samples 
were analyzed for VOC content as a 
check on the material balance for the 
process. The method used was PiCAM 
127, which consisted of desorption of the 
carbon with CS] and subsequent gas 
chromatographic analysis. 



02/13/90 12:52 ©813 884 0334 TERR-\ VAC TAMPA • o i : 

4 9 0392 

Taoit 1. AraiYticai •'i.iethada 

PafamBier 

Gf3in size 

pH 

Moisture (110'C) 

Particle aens;fy 

Cil anti greasa 

EPA-TCLP 

TOC 

Heaaspacs VCC 

VOC 

vac 
VOC 

VOC 

VOC 

VOC 

Araiyticai .vettioa 

ASTT^ 0422-^3 

Swa-Jr 9040 

ASTM 022-16-aO 

ASTM (^698-7a 

SW84e-307? 

f fl. 1117:36. Vol. 
A/O. 216. Swa4S-

SW34a- 90(50 

SW846-3870 

GC:FiO or £CQ 

aCPiO or SCO 

sw84a-d0J0 

SW846*a0f0 

Mcaifieo PiCAM 

SW846- 8240 

i l . 
31-tO 

12? 

Sampl9 Sourca 

Soil t:onngz 

Soil itohngz 

SatI l:onng5 

Serf fiortrgs 

Soil Oonnga 

Sal Oorings 

Soil borings 

Soil borings 

Soil gas 

Process gas 

Separator liouid 

Grounawator 

Actrvai^ carbon 

Soil borings 

'Ttiira edition. .VoicemCer ;93S. 

P r o c e s s Deac r i p t f on 
The vacuum extraction process is a 

.echnique fcr the removal and venting of 
volatile organic constituents (VOCs) from 
the vadose or unsaturated zona of soils, 
Onca a contaminated area is completely 
defined, an extraction '(veil or wells, de
pending upon th© extent of ccntamina-
ti'cn. will t:e installed. A vacuum system 
induces air flow through the soil, stripping 
and volatilizing the VOCs from the soil 
matrix into the air stream. Liquid water is 
generally exti-acted as '^ell along with the 
contamination. Tha two-phasa flow of 
contaminated air and water flows to a 
vapor liquid separator where contam
inated water is removed. The contam
inated air stream then flows through 
activated carton canisters arranged in a 
parallel-series fashion. Primary or main 
adsorbing canisters ara followed by a 
secondary or backup adsorber in order to 
ensure that no contamination reaches the 
atmosphere. 

Equipment Layout and 
Specifications 

The equipment layout is shown in 
Figure 1, and specifications are given in 
Table 2 for the equipment used in the 
initial phase of the demonstration. This 
aquipment was later modified when 
unforeseen circumstances required a 
shutdown of the system. Tha vapor-liquid 
separator, activated carbon canisters, and 
vacuum pump skid were inside the 
building, with the stack discharge outside 
the building. The equipment was in an 

area of tha machino shop whera used 
Cutting oils and metal shavings had been 
stored. 

Four extraction wells (EWi - EW4) and 
four monitoring wells (MWl - MW4) were 
drilled south of the shop. Each well was 
installed in two sections, one section fo 
just above the clay lens and one section 
to just below the clay lens. The axtraction 
wells were screened atDove the ciay and 
below the day. As shown in Figure 2. the 
well section below the clay lens was 
isolated from the section above by a 
bentonite portiand cement grout seal. 
Each section operated independently of 
the other. The welts were arranged in a 
triangular configuration, with three wells 
on the base of the O'iangle (EW2. EW3. 
EW4) and one well at the apex (EWi). 
The three wells on the base were called 
barrier wells. Their purpose was to 
intercept contamination, from underneath 
the building and to the side of the 
demonsti-ation area, before this contam
ination reached the main extraction well 
(EWI). The area enclosed by the four 
exti'action wells defined the area to be 
cleaned. 

Installation of Equipment 
Well dniling and equipment sahjp were 

begun on DecemCar 1. 1987. A mobile 
drill rig was brought in and equipped with 
hollow-stem augers, split spoons, and 
Shelby tubes. The locations of tha 
extraction wells and monitoring wells had 
been staked out based on contaminant 
concentration profiles from a previously 

conducted ramedial investigation and 
from bar punch probe soil gas moni
toring. 

Each well drilled was sampled at 2-foot 
intervals with a split spoon pounded into 
tha subsurface by the dnil rig in advanca 
of the hollow stem auger. The holtcw 
Stem auger would then clear out the scil 
down to the depth of the split spoon, and 
the cycle would continue in that manner 
to a depth of 24 feet. The drilling tailings 
were shoveled into 55-gallon drums fo.-
eventual disposal. After the holes were 
sampled, the wells were installed using 2-
inch PVC pipes screened at various 
depths depending upon the character
istics of the soil in the particular hole. The 
deep well was installed first, screened 
from the bottom to various depths. A 
layer of sand followed by a layer of 
bentonife and finally a thick layer of grout 
ware required to seal oH the section 
below the clay lens from the section 
above the clay lens. The grout was 
allowed to sat overnight before the 
shallow well pipe was installed at tha top 
of the grout. A layer of sand bentonite 
and grout finished tha installation. 

VOC Removal From the Vadose 
Zone 

The permeable vadose zone at fhe 
Groveland site is divided into two layers 
by a horizontal clay lens, which is 
relatively impermeable. As explained 
previously, each axtraction well had a 
separate shallow and deep section to 
enable VOCs to be extracted from that 



02/19/90 12:54 ©813 384 0334 TERRA VAC TAMPA i io i ; 

4 9 0393 

y 

"*' KiM 

Primarf 
Acavand 
Caroan 

Canisters 

Barrier 
Walla 

Main Sxtnctiofi 
Wall 

•• 1 Monitoring 
J We» 

Monitoring 
Well 

MWl 
MW4 

Figure 1. Schematic diagram of eguipmem layout 

Table 2. Equipment Ust 

Eouipment Number Reouirad Description 

Extracaon wells 

Monitoring we//3 

Vapor-liquid separator 

Activated carbon 
canisters 

im unit 

Holding tank 

Pump 

4 (2 sections eacA; 

* (2 sections aacff) 

1 

Primary. 2 units in 
parallel 

Secondary: i unit 

1 

1 

1 

2 ' SCH 40 PVC 24' total deptti 

2 " SCH 40 PVC 24' total deptti 

iOQO-g^ capacity, steel 

Canisters witti 1200 Ib af carbon in 
each canister - 304 SS 

4 ' inlet and outlet nozzles 

Terra Vac flecova^ Unit - Model PRi? 
(2S HP .Voter) 

2000^31 capacity • steel 

1 HP motor - centrifugal 
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2 ' PVC Pipe 

— Screening 

i2.8r 

•Grout 

- Screening 

24' 

Figure 2, SchemaOc diagram of an extraction well. 

area of tha vadose zone abova and balow 
the clay lens. The quantification of VOCs 
removed was achieved by measuring 

• gas volumetric flow rate by rotameter 
and wellhead gas VOC concentration 
by gas chromatography 

• tha amount of VOCs adsorbed by tha 
act ivated carbon can i s te rs by 
desorption into CSj followad by gas 
chromatography. 

VOC flow rates were measured and 
tabulated for each wel l sec t i on 
separately. The results of gas sampling 
by syringe and gas chromatographic 
analysts indicate a totai of 1,297 lb of 

•

Nere extracted over a 56-day par-
% of which was Oichloroethylene. 

good check on this total was 
by the activated carbon VOC 

analysis, the results of which indicated a 
VOC recovery of 1353 Ib: virtijally the 
same result was obtained by two very 
different methods. 

Tha soil gas results show a con
siderable reduction in concentration over 
tha course of the 56-day demonsti-ation 
pariod as can ba seen from Figures 3 
and 4. This is to be expected since soil 
gas is the vapor halo existing around tha 
contamination and should be relatively 
easy to remove by vacuum methods. 

A more modest reduction can be seen 
in the results obtained for soil VOC 
concentrations by GCMS purge-and-trap 
analytical techniques. Scil concentrations 
include not only the vapor halo but also 
Interstitial liquid contamination that is 
either dissolved in the moisture in tha soil 
or exists as a two-phase liquid with the 
moisture. 

Table 3 shows the reduction of tha 
weighted average TCE levels in the soil 
during the coursa of the S6-day 
demonstration test. The weighted 
average TCE level was obtained by 
averaging soil concentrations obtained 
every two feet by split spoon sampling 
methods over tha entire 24-foot depth of 
the wells. The largest reduction in soil 
TCE concentration occurred in extraction 

wail 4, which had the highest initial level 
of contamination. Extraction welt 1, which 
was expected to hava the greatest 
concentration reduct ion potent ia l , 
exhibited only a minor decrease over the 
coursa of tha test Undoubtedly this was 
because of the. greater-than-expacted 
level of contamination that existed in the 
area around monitoring well 3 that was 
drawn into the soil around extraction well 
1. Tha decrease in the TCE level around 
monitoring well 3 tends to bear this out. 

Effectiveness of the 
Technology In Various Soil 
Types 

Tha sot] strata at tha Groveland sita 
can ba characterized generally as con
sisting of tha following types in order of 
increasing depth to groundwater 

• medium to very fine silty sands 

• stiff and wet clays 

• sand and gravel 
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Figure X Pretreatment snallow soil gas concentraton. 

Soil porosity, which is tha percentage 
of total soil volume occupied by pores, 
was relatively the same for both tha clays 
and the sarids. Typically porosity, over 
the 24-foot dapth of the wells, would 
range between 40% and 50%. Perme
abilities, or more accurately hydraulic 

^^^ i c t i v i t i es , ranged from 10-* cm/sec 
^ ^ B sands to 10-^ cm/sec for tha clays 
^^^Korresponding grain sizes equal to 

10^' mm fo 10-3 mm. 
Pretest soil boring analyses indicated 

in general that most of the contamination 
was in the strata atiova the clay lens, with 
a considerable quantity perched on top of 
tfiA riay iftnc Thi« uias (he caso for ex

traction well 4. which showed an excel
lent reduction of TCE concentration in tha 
medium to fine sandy soils existing 
above the clay layer, with no TCE 
detected in the clay in either the pretest 
or posttest borings (see Table 4). One of 
the welts, however, was an exception. 
This was monitoring well 3, which con
tained the highest contamination levels of 
any of the wells, and was exceptional in 
that most of the contamination was in a 
wet clay s t ra tum. The levels of 
coniammaticn were in tbe 200 to 1600 
ppm range before the test. After the lest, 
analyses of the soil boring adjacent fo 
monitoring' *ell 3 shewed levels in il..^ 

range of NO-60 ppm in the same clay 
stratijm. The data suggest that the 
technology can desorb or otherwise 
mobilize VOCs out of certain clays (see 
Table 5). 

From the results of this demonstration 
it appears that the permeability of a soil 
need not ba a consideration in applying 
the vacuum extraction technology. This 
may be explained by the fact that tha 
porosities were approximately the same 
for all soil sti-ata, so that the total flow 
area for stripping air was the same in all 
soil strata. It will take a long time for a 
liquid contaminant to percolate through 



02/19/90 12:53 ©813 884 0334 TERJi^ VAC TAMPA 42015 

4 9 0396 

ew2 ewa £W4 

Map View 

VMW3 

VMW2 VMW4 

^ 

^ 

250-d 

7^ 

Figure 4, Poattreetment stiallow soil gas concentration. 

consequent low permeability. However, 
the much smaller air molecules have a 
lower resistance in passing through the 
same pores. This may explain why 
contamination was generally not present «ctay strata bul when it was. it was 

fficult to remove. Further testing 
be done in order to confirm this 

_. 

Correlation of Declining VOC 
Recovery Rates 

The vacuum extraction of volatile 
organic constituents from the soil may be 

viewed as an unsteady state process 
taking place in a nonhomogeneous 
environment acted upon by the combined 
convective forces of induced stripping air 
and by the vacuum induced volatilization 
and diffusion of volatiles from a dissolved 
or sorbed stata. As such it is a very com
plicated process, even though the 
equipment required to operate the 
process is very simple. 

Unsteady state diffusion processes in 
general correlate well by plotting the 
logarithm of the rate of diffusion versus 

time. Although tha representation of the 
vacuum axtraction process presented 
here might be somewhat simplistic, the 
correlation obtained by plotting the 
logarithm of the concentrat ion of 
contaminant in the wellhead gas versus 
time and obtaining a least squares best fit 
line was reasonably good. This type of 
plot. shOYvn in Figure 5, represents the 
data very well and is mora valid than both 
a linear graph or one p lo t t i ng 
concentration versus log time, in which a 
best fit curve would actually predict gas 
concentrations of zero or less. 
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Table 3. Reducacn of weigfted Average TCS Laveis in Soil (TCE Cone, in mgtkg) 

Extraction Well Pretreatment Posnreatment % Reducaon 

1 

2 

3 

4 

Monitoring Weil 

1 

2 

3 

4 

33.aa 

3.38 

6.83 

96.10 

1.10 

14.7S 

2 2 ? . 3 i 

0.87 

29.31 

2.38 

6.30 

4.19 

0.34 

8.98 

84.50 

t.05 

73.74 

30. f 8 

8.56 

9S.S4 

69.09 

39.12 

62.83 

" 

TaOle 4. Effraction Well 4 - TCE Reducian in Soil Strata 

Depttt 
ft 

Q-2 

2-4 

4 - ^ 

^ ^ • 8 

^ - 1 0 

' ^ ^ 0 - 1 2 

12-14 

14-16 

16-18 

18-20 

20-22 

2 2 - 2 * 

Descr ipt ion o f Strata 

Med. s a r d wigravel 

U. brown fine s a r d 

Med. stiff It. b rown fine sand 

Soft ak. brown f ine sand 

Med. stiff b rawn s a r d 

V soft I t b rown m e d . sand 

V stiff brown f ine sand wisilt 

M stiff gm-b rn d a y wisHt 

Soft wet Clary 

Soft wet Clav 

V soft b m m e d < o a r s e s a r d 

V stiff b m m e d K o a r s e wigravel 

Perme
ability 

cm/sec 

i(T* 

10-* 

io-» 

10^ 

1 0 -

10-* 

ter* 

1 0 ^ 

10^ 

t o ^ 

I t r * 

10-J 

TCE Cane. 

p ra 

2.94 

29.90 

260.0 

303.0 

351.0 

19S.0 

3.14 

NO 

ND 

NO 

NO 

6.71 

ppm 

past 

ND 

ND 

39 

9 

ND 

NO 

2.3 

NO 

ND 

ND 

ND 

NO 

Table 5. Monitoring Weil 3-TCE Reducaon in SoU Strata 

Depth 
ft 

0-2 

2-4 

4-6 

6-8 

a-10 

10-12 

12-14 

14-18 

. .^16-18 

mk-zo 
^ P R - 2 2 

22-24 

DescripUon o f Strata 

M. stiff bm. l ine s a n d 

M. sUff grey fk te s a n d 

Soft I t b m . l ine sand 

U. brn. fine sand 

Stiff V. l ine brn. silty sand 

Soft brawn silt 

Wet green-brawn arty cfay 

Wet green-brown silty clay 

Wet green-brawn silty Clay 

. Silt grave/, a r d rock frag. 

M. stiff i t bm. m e d . sand 

Perme-
abHity 

cm/sec 

to-* 
i i ys 

I O 

l O -

i ( ^ 

fO-* 

f ( H 

70^ 

70^ 

fO-* 

fO-* 

TCf COrtC. 

p re 

10.30 

8.33 

80.0 

700.0 

NO 

NR 

316.0 

195.0 

2TS.0 

7370.0 

109.0 

64.1 

p p m 

past 

NO 

800 

84 

NO 

63 

2.3 

NO 

NO 

62 

2.4 

ND 

ND 
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Grovetand/Terra-VAC Demonstration 
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Figure 5. Wellhead TCE concentration vs time. 

Looking at the plots for axtraction well 
1. shallow and deep, equations are given 
for the least squares best fit line for the 
data points. If the vacuum extraction 
process is njn long enough to achieve 
the delection limit for TCE on the ECO, 
which is 1 ppbv, the length of tima 
required to reach that concentration 
would be approximately 250 days on tha 

shallow well and approximately 300 days 
on the deep well. 

Prediction of Time Required for 
Site Remediation 

The soil concentration that would be 
calculated from the wellhead gas 
concentration using Henry's Law is in

cluded in the last column of Table 6. Cal
culations for tha predicted soil concen
trations ware mada assuming a bulk 
density of the soil bf 1761 kg/m^. a total 
porosity of 50%, and a moisture content 
of 20%. The calculated air filled porosity 
of the soil is approximately 15%. Henry's 
constant was token to ba 0.492 KPa/m^-
gmol at 40»F. 

Table 6, Comparison of Wellhead Gas VOC Concentration and Sail VOC Concentration 

Extraction Well 
TCE Concentration in TCS Concentration in Predicted by Henry's 
Wellhead Gas ppmv Soil ppmw Law ppmw 

IS 
10 
2S 
20 
3S 
3D 
4S 

9.7 

5.5 

16.4 

14.4 

125.0 

58.7 

1035.6 

5 4 5 

7.2 

ND 

20.4 

20.9 

18.0 

9.1 

0.11 

0.07 

0.20 

0.17 

1.53 

0.74 

12.49 
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Given the nonhomogeneous nature of 
the subsurface contamination and 
interactions of TCE 'with organic matter in 
the soil, it was not possible to obtain a 
good correlation between VOC concen
trations in wellhead gas and soil in order 
to predict sita remediation times. Henry's 
Law constants were used to cateulate soil 
concentrations from wellhead gas 
concentrations and tha calculated values 
obtained, correcting for air filled porosity, 
were lower than actual soil concentrations 
by at least an order of magnitude (see 
Table 6). 

Before one can attempt to make a 
rough estimation of the remediation time. 
a target value for the particular contam
inant in tha remediated soil must ba 
cak:ulated. This target concentration is 
calculated by using two mathematical 
models, the Vertical and Horizontal 
Spread Model (VHS) and the Organic 
Leachate Model (OLM) (EPA Draft Guide
lines for Petitioning Waste Generated by 
the Petroleum Refinery Industiv, June 12, 
1987). The mathematical models allow 
tha use of a regulatory standard for 

ng water in ordar to arrive at a 
t soil concenti'ation. 
e VHS model is expressed as tha 

following equation: 

(no I. 

Cy » Co erf (Z'(2(a^Y)o S)) erf (X/(a,Y)O.S) 

where; 

Cy = concenti'ation of VOC at compliance 
point (mg;'l) 

Co = concentration of VOC in leachate 
(mg/l) 

erf = error function (dimensionless) 

2 = penetration depth of leachate into 
tine aquifer 

Y = distance from site to complianea 
point (m) 

X = length of site measured perpendic
ular to tine direction of groundwater 
flow (m) 

at = lateral ti-ansverse dispersivity (m) 

a, = vertical dispersivity (m) 

A simplified version of the VHS model 
is most often used, which reduces the 
above equation to:. 

Cy = CoCf 

where: 

C, »arf (Z/(2(ajY)0 S)) eH (X/(a,Y)O.S), 
which is reduced to a conversion 
factor corresponding to the amount 
of contaminated soil 

The Organic Leachate Model (OLM) is 
written as: 

Co = 0.00211 C,o-8''aSO-373 

where: 

Co = concentration of VOC in leachata 
(mg/l) 

C, = concentration of VOC in soil (mg/1) 

S = solubility cf VOC m water (mg/l) 

Tha regulatory standard for TCE in 
drinking water is 3.2 ppb. This regulatory 
limit is used in the VHS model as the 
compliance point concentration in order 
to solve for a value of tha leachate con
centration. This value of leachata 
concentration is then used in the CLM 
model to solve for the target soil concen
tration. 

Once the target soil concentration is 
determined, a rough estimation of the 
remediation time can be made by taking 
the ratio of soil concentration to wellhead 
gas coneantratien and extrapolating in 
order to arrive at a wellhead gas concen
tration at the target soil concentration. 
The calculated target soil concenti'ation 
for this site is 500 ppbw. This corre
sponds to an approximate wellhead gas 
concentration of 89 ppb for EWlS. The 
equation correlating /vellhead gas con
centration with time (see Figure 5) is then 
solved to give 150 days running time. 

After 150 days the vacuum extraction 
system can be run intermittently to see if 
significant inceases in gas concentra
tions occur upon restarting, after at least 
a two-day stoppage. It there are no 
appreciable increases in gas concentra
tion, the soil has reac.'ied its residual 
equilibrium contaminant concentration 
and the system may be stopped and soil 
borings taken and analyzed. 

The full report was submitted in ful
fillment of Contract f^. 68-03-3255 by 
Foster Wheeler Enviresponsa, Inc., under 
tha sponsorship of the US. Environ
mental Protection Agency. 



0?/19/90 13:02 ©813 884 0334 TERRA VAC TAMPA 2 020 

4 9 0400 

The EPA Project M a n ^ v . SMmry SWnson. is with the Risk Reduction Engineerina 
Laboratory. Edison, NJ 08837 (see below). 

The complete report consists of two volumes entitled 'Technology Evaluation 
Report SITE Program Demonstration Test. Terra Vac In Situ Vacuum 
Extraction Systefn. Groveland. Massachusetts:" 
"Volume I" (Order No. PB 39-/92 Q25iAS: Cost S21.95. subiect to change) 
discusses the results or the SITE demonstration 

'Volume 11" (Order No. PB 39-192 033/45; Cost W6.95. subject to change) 
contains the technical operating data logs, the sampling and analytical data. 
and the quality assurance data 

Both volumes of this report will be available only Irom: 
National Technical Information Servica 
5285 Port Royal Road 
Springfield. VA 22161 
Telephone: 703-487-4650 

A related report, entitled "Application Aralysis Report Terra Vac In Situ Vacuum 
Extraction System." which discusses the applications and costs, is under 
development. 

The EPA Project Manager can be contacted at 
Risk Reduction Engineering Laboratory 
U.S. Environmental Protection Agency 
Edison. NJ 08337 
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Information 
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SITE PROGRAM UPDATE: PART Vl l 

C L C c l / V / - / 

cp\C - ^ o M v'^ r 
EPA SITE Demonstra t ion of the Terra Vac 

In S i tu Vacuum Ext ract ion Process in 
Groveland, Massachuset ts 

Mary K. Stinson 
Releases Control Branch 

Risk Reduction Engineering Laboratory 
U.S. Environmental Protection Agency 

Edison. New Jersey 

This paper presents an EPA evaluation of the patented Terra Vac, Inc.'s in 
situ vacuum extraction process tha t was field-demonstrated on a trichlor
oethylene (TCE) contaminated soil in Groveland, Massachusetts , under 
the E P A Superfund Innovative Technology Evaluation (SITE) program. 
T h e Ter ra Vac process employs vacuum for removal and venting of volatile 
organic compounds (VOCs), such as T C E , from the subsurface soil without 
excavation. Results of the eight-week continuous operation of the Terra 
Vac process in the field are as foUows: 

• high VOC extraction rates , achieving in eight weeks a total extraction 
of 1,300 lb of VOCs; 

• an indication tha t this technology can achieve site remediation to the 
desired levels of VOC concentrat ion in the soil; 

an indication tha t the process is effective in removing VOCs from soils 
of low permeability, such as clays, if soil has sufficient air-filled porosi
ty; 

• a correlatable decline Ln the VOC recovery rate with t ime t ha t can be 
used to est imate operat ing t ime needed for site remediation; 

• very reliable operation of the system in all weather conditions (test was 
performed in the winter) ; 

• process is economical with es t imated costs per ton of t reated soil be
tween $10 to $150. 

T h e demonstra t ion site was a proper ty of an operating machine shop in 
Groveland, Massachuset ts . T h e site was contaminated with VOCs, mainly 
trichloroethylene, which had been used as a degreasing solvent. T h e Ter ra 
Vac system was designed, installed, and operated by Ter ra Vac, Inc. Evalu
ation of the process was performed by E P A based on the results from an 
extensive sampling and analytical program and on daily observation of the 
operat ions. 

The field demonst;ration of the Terra 
Vac in situ vacuum extraction process 
was conducted at the Valley Manufac
tured Products Company, Inc. proper
ly, which is a part of the Groveland 
Wells Superfund site, in Groveland, 
Massachuset ts . Trichloroethylene 
(TCE) is the main contaminant of the 
•oil at this property. 

The Valley Manufactured Products 
Company. Inc., has been operating a 
small machine shop since 1964. It em-

CopyrlKhi tOl'3 — ,\.r i W„alt Man.ceini^nt .\s.s,«:i»t.. 

ploys approximately 25 people and 
manufactures small metal parts, such 
as valves and screws. In the manufac
turing process, the company uses cut
ting oils and degreasing solvents. In the 
past, such solvents as trichloroethy
lene, tetrachloroethylene. trans-1.2-
dichloroethylene. and methylene chlo
ride were used. Presently, the company 
uses biodegradable solvents. Grove
land, Massachusetts is a pleasant, 
small, rural town. The Valloy shop is 
located in a resideiilial area of Grove
land. 

The contamination of the Valley 
property was caused by a leaking stor
age tank and by former improper stor
age and handling of waste oils and sol
vents. The total amount of contamina
tion at the Valley site has been 
estimated at between 3,000 and 30,000 
lb of volatile organic compounds. The 
contamination is located in soil under
neath and around the machine shop 
building. 

The subsurface profile of the 25-ft 
vadose zone at the site consists of dif
ferent soil types with increasing depth: 

• medium to very fine silty sands 
from the surface to a depth of about 
12 ft; 

• a stiff and wet clay layer from 3 to 7 
ft in depth; 

• coarse sand suid gravel below the 
clay layer. 

Most of the subsurface contamina
tion is above the clay layer with the 
highest concentration adjacent to it. 
Also, a considerable sunount of water is 
perched on the clay layer, which would 
be extracted by the vacuum system. 
The depth to the groundwater varies 
seasonally from 27 to 52 feet The 
groundwater table follows a bedrock 
surface sloping towards a water reser
voir called Mill Pond located about 400 
ft northeast of the northern edge of the 
machine shop. MjU Pond is a source of 
Groveland's drinking water supply. 
Two of Groveland's municipal wells 
have been contaminated with VOCs 
and are presently treated with activat
ed carbon. 

The Groveland Wells site was final
ized on the National Priorities List in 
1983. Remedial Investigations (RI) 
studies were performed by the Valley 
Manufactured Products Company, 
Inc. under the supervision of EPA Re
gion 1. A Record of Decision (ROD) for 
the site was signed in October 19S8 
with recommendations of vacuum ex
traction and groundwater stripping for 
the site remediation. The SITE field 
demonstration of the Terra Vac pro-

1054 JAPCA 
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Tat)lc I. Compounds .luccos.'̂ fijlly removed hy tl>e Terra Voc Process. 

V',,hiulos Sumivul.uiica Hvdrocarlions 

l)i:ii7.eno 

lolucne 
xylenes 
ethylbenzene 
hexane 
chloroform 
methylene chloride 
tetrachloroethylene 
trichloroethylene 
dichloroethylene 
ethyl cyclohexane 
methyl ethyl ketone 
methyl isobutyl ketone 
methanol 
acetone 
pyridine 
tetrahydrofuran 
dimethylfuran 
carbon tetrachloride 
trichloroethane 

chlorobenzene 
dichlorobenzene 
Irichloropropnne 

gasoline 
jet fuel 
Stoddard solvoiii 
diesel 
kerosene 
heavy naphthas 

cess took place from November 1987 to 
May 1988 and. thus, influenced the se
lection of treatment technologies for 
the ROD. In situ vacuum extraction is 
particularly attractive for remediation 
of the Valley soil. This is because the 
machine shop can continue its opera
tion while the cleanup takes place. 

Terra Vac Process Oescrtptlon 

The Terra Vac process or the vacu
um extraction technology it uses was 
developed over five years ago. To date, 
the process has been used to clean up 
soil and groundwater contaminated 
with volatile and semivolatile organic 
compounds at more than 60 waste sites 
in the United States. The Terra Vac 
process is protected by two patents 
that relate directly to vacuum extrac
tion and to removal of volatile organic 
compounds from the vadose zone using 
vacuum (U.S. Patent Nos. 4,593,760 
and 4.660,639). The vadose zone is de
fmed as the subsurface soil zone locat
ed between the surface soil and 
groundwater. 

Vacuum extraction is typically im
plemented in situ for traatment of the 
vadose zone of soil. Such was the Terra 
Vac process application in its demon
stration in Groveland. However, Terra 
Vac claims and implements several 
other applications of vacuum extrac
tion. Groundwater can be removed si
multaneously from vacuum extraction 
wells while soil venting takes place. 
Vacuum extraction can be used to re
move liquid-phase hydrocarbons float
ing on the water table. Furthermore, 
this process also can be used ex situ to 
treat excavated soil. 

To apply the process to in situ treat
ment of soil, extraction wells are in
stalled in the contaminated vadose soil. 
Vacuum wells are designed with a vac

uum-tight seal near the surface and an 
extraction zone (screen) corresponding 
to the proflle of subsurface contamina
tion. The extraction wells are connect
ed through a manifold system to a vac
uum line that leads through a liquid/ 
water separator and a vapor treatment 
system to a vacuum pump. 

A vacuum pump or blower induces 
air flow through the soil, stripping and 
volatilizing the VOCs from the soil ma
trix into the air stream. Liquid water, if 
present m soil, is also extracted along 
with the contamination. The two-
phase stream of contfiminated air and 
water flows to a vapor/liquid separator 
where contaminated water is removed. 
The contaminated air stream then 
flows through a treatment system such 
as gas-phase activated carbon to re
move con taminan t s from the air 
streaxa. The cleem air is exhausted to 
the atmosphere through a vent. 

Successful design Emd operation of 
the vacuum extraction system must 
consider site conditions, soil proper
ties, and chemical properties of' the 
contaminant. Depending on the depth 
to groundwater and the soil type, the 
radius of influence of £in extraction well 
can range from tens to hundreds of 
feet. The soil should have a sufficient 
air-fiOed porosity to allow for in situ 
stripping ofthe VOCs from the soil ma
trix. The contaminant should have a 
Henry's constant of O.OOl or higher to 
be removed effectively in a vacuum ex
traction system. Henry's constant, 
which is determined for a given com
pound from the relationship according 
to Henry's Law, is a measure of a de
gree of this compound's volatility. 
Henry's Law governs partitioning of a 
compound between its amount dis
solved in a liquid and its amount as 
vapor above that liquid. Though Hen
ry's Law applies only to ideal solutions, 

knowledge of the thcorelicil value of 
Henry's constant for ;i particular con-
Laininant is useful '.viion considering its 
removal wilh vacuum extraction. Terra 
Vac gives a list of compounds for which 
the process has been successful. This is 
shown in Table I. 

Terra Vac uses vapor flow models 
that are calibrated to site conditions to 
determine design parameters and sen
sitivity before pilot testing or full-scale 
cleanup is implemented. Terra Vac of
ten conducts pilot-scale testing prior to 
the design of a full-scale remediation of 
a large site. 

Field Demonstration of 
the Terra Vac Process 

Demonstration of the Terra Vac pro
cess was conducted according to a writ
ten plan that was mutually agreed 
upon by Terra Vac, Inc. and EPA. The 
objective of this plan was to operate the 
process long enough to achieve signifi
cant reduction in soil VOCs concentra
tion and to establish correlations and 
relationships that are important to this 
process. 

Terra Vac designed, installed, and 
operated the vacuum extraction sys
tem. Terra Vac equipped the system 
with sampling ports and recorded mea
surements of the operating peirameters. 
As part of the design, the system was 
placed at the periphery of the contami
nated area so that significant soil 
cleanup could be achieved during the 
course of the projecL Eight weeks of 
continuous operation was deemed ade
quate for the demonstration test. 

EPA performed the seunpling and 
analytical program supported with ap
propriate Quality Assurance/Quality 
Control (QA/QC). In addition, EPA as
sisted the field project with site prepa
ration. Health and Safety programs, 
and with treatment and disposal of 
both liquid and gaseous effluent 
streams. . 

Terra Vac System at Groveland 

The Terra Vac system was installed 
at the Valley pmperty, south of the ma
chine shop. This location was purpose
ly chosen because it was on the periph
ery of the contaminated area. The 
equipment layout is shown in Figure 1. 
The vacuum manifold was installed 
outside of the building. Space limita
tions and maintenance considerations 
dictated that the rest of the equipment 
be located inside the building. 

Four extraction wells (EW1-EW4) 
and four monitoring wells ( M W l -
MW4) were installed to the depth of 24 
ft, which is the depth of the vadose 
zone at the site. Each extraction and 
monitoring well consisted of two nest
ed, riser pipe sections, one extended 
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Figure 1. Schematic d'lagram of equipnwnt layout. 

from the surface to just above the clay 
layer (a shallow well), and the other to 
just below the clay layer (a deep well). 
The shallow wells were screened above 
the clay and the deep wells were 
screened below the clay. A schematic 
diagram of an extraction well con
structed of 2-inch PVC pipe is shown in 
Figure 2. Each of the two well sections 
was isolated from the othet by a ben
tonite portiand i:ement grout seal and 
each well section operated indepen
dently. 

The extraction wells were arranged 
in a triangular configuration, with one 
well at the apex of the triangle (EWI) 
and with three wells on the base of the 
triangle (EW2, EW3, EW4). The area 
enclosed by the four extraction wells 
defined the area of soil on which the 

fectiveness of the process was to be 
aluated. The one well at the apex 

^EWl) was called the main extraction 
well. The three wells al the base were 
called barrier wells with the purpose of 

intercepting contamination before it 
could reach the main extraction well 
(EWl) . The four monitoring wells 
(MW1-MW4) were located at varying 
distances with respect to the main ex
traction well (EWl). 

The'extraction wells were connected 
through a 4-inch manifold to the rest of 
the equipment, which was located in
side the building. The remaining 
equipment listed in the sequence of va
por travel in the vacuum line was a 
1,000-gal vapor/liquid separator, two 
1,000-lb canisters of a dry-phase acti
vated carbon, a 1,000-lb canister of a 
backup activated carbon, a vacuum 
pump skid which housed a 25-HP 
blower, and a vent to exhaust the clean 
air outside of the building. One addi
tional piece of equipment was a 2,000-
gal holding tank to which water was 
intermittently pumped from the va
por/liquid separator. 

The system started continuous oper
ation two months after it was installed. 

Part of the delay was because of a mu
tually Eigreed work stoppage for about 
two weeks right after the system was 
installed (Christmas Holidays). After a 
few days of system startup in early Jan-
ueiry, it was iiecessary to stop it for 
modifications. This was because the 
equipment was not sized properly for 
the much higher-tian-expected recov
ery rates for VOCs and water. The orig
inal design of the system was done from 
the available data on the site and not 
from preliminary field studies, such as 
a pilot test. 

Thus, a 1,000-gal water/vapor sepa
rator with a supporting 2,000-gal water 
holding tank WEIS installed to replace 
the initial 200-gal water/vapor separa
tor without any holding tank. Three 
1,000-lb activated carbon canisters re
placed the eight 200-lb activated 
carbon canisters. Also, the manifold 
was insulated and heat-traced to pre
vent freezing of water that would block 
the vacuum line. 
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.All those modifications were done 

quicklv, out because of tho waltinij 
time for arriviil of the now equipment 
,uid the new activated carbon, the mod
ified svstem was started on February 
II, 1983, for its eight-week continuous 
run. The system was stopped for a few 
days after its four-week run for soil 
sampling. Other brief stoppages of the 
syslem were only for exchanging spent 
activated carbon. 

The only operational difficulty en
countered during the period of contin
uous operation was silting-out of one of 
the extraction wells. A deep well, EW4, 
was silted out after four weeks of opera
tion and became nonfunctional. The 
best remedy for this might be installa
tion of a new well nearby, which was 
not necessary for this project. 

Tabic II. Analytical methods. 

Parameter Analytical method S a m p l e source 

Grain size 
pH 
Moisture (UCC) 
Particle density 
Oil and grease 
EPA-TCLP 

TOC 
Headspace VOC 
VOC 
VOC 
VOC 
VOC 
VOC 
VOC 

ASTiM D422-G3 
S\V846' 9040 
ASTM D221G-80 
ASTM D698-7S 
SW846'9071 
F.R.U/7/86, 
VoL51,No. 216, 
SW846' 8240 
SW846' 9060 
SW846' 3810 
GC/FID or ECD 
GC/FID or ECD 
SW846' 8010 
SW846' 8010 
Modified P&CAM 127 
SW846' 8240 

Soil borings 
Soil borings 
Soil borings 
Soil borings 
Soil borings 
Soil borings 

Soil borings 
Soil borings 
Soil gas 
Process gas 
Separator liquid 
Groundwater 
Activated carbon 
Soil borings 

• Test Metixods for Evaluating SoUd Waste, 3rd ed., Nov. 1986. 

Sampling and Analytical Program 

The sampling and analytical pro
gram consisted of four periods: 

• pre-test seimpling (before startup 
of the vacuum extraction); 

• mid-test sampling (after a four-
week operation); 

• active period sampling (during op
eration of vacuum extraction); 

• post-test sampling (vacuum extrac
tion stopped after an eight-week 
operation). 

The pre-test, mid-test, and post test 
sampling program consisted of: 

• soil boring samples taken with split 
spoons; 

• soil boring samples taken with 
Shelby tubes; 

• soil gas samples taken with pimch 
bar probes. 

VOCs present as contaminants of the 
site soil were the following compounds: 

• trichloroethylene (TCE); 
• perchloroethylene (tetrachloroeth

ylene) (PCE); 
• 1,1,1-trichloromethane (methyl 

chloroform) (TRD; 
• trans-l,2:dichloroethylene(DCE). 

Gas analyses, including wellhead gas 
and soil gas were done on site with gas 
chromatography. All other analyses 
were done offsite. 

Soil borings taken every 2 ft with 
split spoons to the depth of 24 ft were 
analyzed for volatile organic com
pounds using headspace screening 
techniques, purge and trap methods, 
and by gas chromatography and mass 
spectrometry (GC/MS) procedures. 

Soil borings taken every 2 ft with 
Shelby tubes to the depth of 24 ft (un-
disltirbed soil) were analyzed for physi
cal soil properties such as density, per
meability, grain size, and moisture. 
Samples with Shelby lubes were col

lected only during the pre-test and 
post-test periods. 

Shallow gas ssimples were taken with 
punch has probes at the depth of 3 to 5 
ft by Lising a personal pump, Tygon 
tubing, and a gas-tight syringe. These 
samples were analyzed with a gas chro
matograph. 

The active period sampling program 
consisted of taking SEunples from sam
pling ports at the following locations: 

• wellhead gas (from all extraction 
and monitoring wells); 

• water/vapor separator outlet gas; 
• primary carbon outlet gas; 
• secondary carbon outlet gas; 

• vacuum pump outlet gas; 
• water/vapor separator drain water. 

All gas samples were taken with a 50 
mL gas-tight syringe and were ana
lyzed by one of two gas chromato
graphs, one with a flame ionization de
tector (FID) and the other with an elec
t r o n c a p t u r e d e t e c t o r (ECD) , 
respectively. Choice of a detector de
pended on the level of a compound con
centration in the sample. In this pro
gram, the FID was used to quantify the 
trichloroethylene (TCE) and the trans 
1,2-dichloroethylene (DCE), while the 
ECD was used to quantify the 1,1,1-
trichloromethane (TRI) and the te
trachloroethylene (PCE). 

The activated CEirbon canisters were 
sampled close to the center of the can
ister and samples were analyzed for 
VOC content by desorption of the 
carbon with carbon disulfide and sub
sequent gas chromatographic analysis. 

Analytical methods used are listed in 
Table II. 

Other Field Measurements 

Terra Vac was responsible for the op
eration and accuracy of all tempera
ture, pressure, and fiowrate measure

ment equipment. However, the opera
tional data were recorded by EPA. 
Flow measurements were made with a 
portable rotameter. Vacuum on extrac
tion wells was measured with vacuum 
gauges and on monitoring wells with 
manometers. Temperature was mea
sured with dial thermometers. Mois
ture content of the separator inlet gas 
from the extraction wells was measured 
by the EPA Modified Method 4. 

Results of the Eight-week 
Demonstration of the Terra 
Vac System in Groveland 

Evaluation of the results proved the 
capability of the Terra Vac technology 
to remediate a site contaminated with 
volatile organic compounds. Though a 
full remediation of this site with this 
technology may take a year or longer, a 
significant reduction in VOC concen-
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trillion in the Lost ;irea h.ns boon 
acliicvcd in cit;iit weeks. Specific re
sults ,ire >;rouped under two headings: 

irecl rcsulLs .-ind corrolalive results. 

i r ec t Resul ts of the Demons t ra t ion 

QuantltlcJtlon of VOCs Ramoved 

Quantification of VOCs removed in 
eight weeks from the tested area was 
done with the use of two different 
methods. The first method involved 
analysis of wellhead gas concentration 
with gas chromatography and mea
surement of gas volumetric flowrate 
with a rotameter. The total amount of 
recovered VOCs with this method was 
1,297 lb of which 95 percent was trich
loroethylene. The second method de
termined the amount of VOCs ad
sorbed on the activated csurbon by de
sorption into carbon disulfide followed 
by gas chromatography. The results of 
activated carbon VOC ansdysis showed 
a total VOC recovery of 1353 lb. Thus, a 
good agreement was achieved on the 
amount of recovered VOCs with two 
independent methods. 

Reduction of v o c Concentration 
In Soli Gas 

The soil gas results show a 95 percent 
uction in VOC concentration in the 
ted area, which proves the ease of 

removing the VOCs from soil by vacu
um extraction. This reduction is illus
trated by three-dimensional shallow 
soil gas plots for both the pre-test (Fig
ure 3) and the post-test (Figure 4) soil 
gas concentrations, respectively. In 
these plots, the location of the main 
extraction well (EWl) is the origin 
(0.0) of the I , y, and z coordinate sys
tem. All locations from which the soil 
gas samples were taken are defined 
with the X and y coordinates. The TCE 
concentrations of all samples are plot
ted on the z coordinate. The continuity 
of these plots by filling in speculated 
TCE values among the real data points 
was done with the use of a Kriging tech
nique. Kriging is the least squares pre
diction of spatial processes, such as 
trend surface analysis, and waa used 
here to picture the spatial distribution 
of TCE concentrations in soil gas. 

The real data points came from the 
analyses of shallow soil gas samples 
taken from 16 locations with respect to 
the main extraction well. 

• 

Reduction of VOC Concentration In Soil 

n examination of the data present-
in Tables III. IV and V shows some 

Inconsistencies with regard lo pre-test 
and post-test soil concentrations. This 
can be expected when it is recognized 

I MW4 

Rgure 3. Pro-treatment shallow soil gas concentration. 

that the process of vacuum extraction 
in soil is acting upon a nonhomogen-
eously contaminated matrix and that it 
is impossible to sample the same soil 
t'wice. However, these inconsistencies 
do not overshadow the downward 
trend of contaminant concentration in 
soil as a result of the vacuum extraction 
process. Each of the three tables dis
cussed below clearly shows this down
ward trend in contaminant concentra
tions. 

Table UI shows the reduction of 
weighted average TCE levels in the sod 
that waa achieved in eight weeks. The 
weighted average TCE level was ob

tained by averaging soil concentrations 
collected every 2 ft over the entire 24-ft 
depth of the wells. The largest reduc
tion (95.6 percent) in soil TCE concen
tration occurred in the vicinity of the 
extraction well number 4 (EW4), which 
had the highest initial level of contami
nation. Table IV shows TCE concen
tration reduction in soil strata in the 
vicinity of EW4. Most of the analyses 
done on the post-test samples show 
non-detectable levels of TCE. 

The vicinity of the main extraction 
well (EWl) achieved only a minor re
duction in the VOC concentration of 
about 14 percent. According to the pro-

Table III. Reduction of weighted average TCE levels in soil (TCE 
concentration in mg/Kg or ppm). 

WeU 

EWl 
EW2 
EW3 
EW4 
MWl 
MW2 
MW3 
MW4 

Pre-test 

33.98 
3.38 
6.39 

96.10 
1.10 

14.75 
227.31 

0.87 

Post-test 

29.31 
2.36 
6.30 
4.19 
0.34 
8.98 

34.50 
1.05 

% Reduction 

13.74 
30.18 

8.56 
95.64 
69.09 
39.12 
62.83 

— 
EW •= extraction well; MW = monitoring well. 
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Tahlc IV. Extr,iciiun well number 4 (EW4) TCE reduction in soil straU. 

Depth 
ft. Description of StraU 

0-2 Med. sand w/gravel 
2—1 Lt. brown fme sand 
4-6 Med. stiff IL brown fine sand 
6-8 Soft. dk. brown fme sand 
8-10 Med. stiff brown sand 

10-12 V. stiff It brown med. sand 
12-14 V. stiff brown fine sand w/silt 
14-16 M. stiff grn-brn clay w/silt 
16-18 Soft wet clay 
18-20 Soft wet clay 
20-22 V. stiff bm med-coarse sand 
22-24 V. stiff brn med-coarse sand 

w/gravel 

Permeability 
cm/s 

TCÎ ^ cnncenLratiun 
mg/K(; (ppm) 

Pre-test Post-test 

1 0 -
1 0 -
10-5 
10-5 
IO-" 
I O 
lO-* 
io-« 
10-9 
io-» 
I O 
lO- ' 

2.94 
29.90 

260.0 
303.0 
351.0 
195.0 

3.14 
ND 
ND 
ND 
ND 
6.71 

ND 
ND 
39.0 

9.0 
ND 
ND 
2.3 

ND 
ND 
ND 
ND 
ND 

cess design, EWl was expected to 
achieve the greatest concentration re
duction over the course of the project. 
This did not occur because of the high-
er-than-expected level of contamina
tion that existed in the area around the 
monitoring well number 3. 

It was expected that significant re
duction Ln VOC concentration in soil 
would be achieved in some locations of 
the tested area but not throughout the 
entire test area. There were reasons to 
expect this. One reason was that the 
eight-week test was relatively short for 
this technology, which can require an 
operating time of up to two years to 
remediate a site such as this one. 

The second reason was that this par
ticular arrangement of the four extrac
tion wells enclosing the test area was 

EW2 EV3 

able to minimize but not prevent mi
gration of contaminants from the adja
cent areas. Also, there was a highly con
taminated portion of soil in the vicinity 
of monitoring well number 3 (MW3), 
which was within the test area and half
way between the main extraction well 
(EWl) and the three barrier wells 
(EW2, EW3, EW4). Contamination 
drawn from the vicinity of MW3 by the 
msiin extraction weU (EWI), hindered 
the reduction in VOC concentration in 
the vicinity of EWl. 

Reduction of VOC Concentration 
In Clay Strata 

Table V shows an impressive reduc
tion in VOC concentration Ln the clay 
strata in the vicinity of monitoring well 

EW4 

ru3 

UJ 

u 

Figure 4. Posl-lraatment shallow soil gas concentration. 
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number 3 (MW3), where the pre-test 
samples had TCE concentration leveb 
from 200-1600 ppm and the post-test 
samples had TCE concentration levels 
from non-detectable to 60 parts per 
million. The clay stratum discussed 
here is the 6-ft layer between 14 and 20 
ft below grade. 

The pre-test concentration of TCE 
near MWS was the highest contamina
tion level measured in the site soiL In 
addition, this high contamination was 
contained in the clay layer, while the 
locations of all other wells showed non-
detectable levels of TCE in the clay 
layer. At the other locations, the con
tamination was mostly contained in the 
sandy sod above the clay layer. Thus, 
the data suggest that vacuum extrac
tion can remove VOCs out of certain 
clays. 

Further, it appears that the air-filled 
porosity of soil and not the permeabili
ty is a limiting factor in applying vacu
um extraction. Permeability of the 
cleaned clay layer was 10~* cm/s while 
permeability of all soil at the test area 
ranged from 10"^ to 10"^ cm/s. Calcula
tion of the air-fiUed porosity of the test 
soil gave a number of about 15 percent. 
It has been concluded that soil with 
adequate air-filled porosity is amena
ble to VOC removal by vacuum extrac
tion regardless of its permeability. 

Correlative ResuHs of 
the Demoristratlon 

Correlation ol Oecllntng VOC 
Recovery Rates with Time 

VOC recovery rates showed a steady 
decline with time and the data points 
correlated well with the use of an expo
nential equation of the form y = ne"*', 
wherey is the concentration of contam
inant in the extracted vapors and x is 
time. This type of an equation is gener
ally used to represent an unsteady slate 
process such as vacuum extraction. 
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DAY OF ACTIVE TREATMENT 
Figure 5. Wellhead TCE concentration vs. time. 

.As shown in Figure 5, done for the 
shallow extraction well number 1 
(EWl), the logarithm of the TCE con
centration in the wellhead gas versus 
time shows a good correlation when a 
least-square's best-fit line was drawn 
through the majority of data points.' 
Such graphs were constructed for all 
extraction wells. 

From the graph in Figure 5, one can 
estimate the time needed to achieve 
nondetectable levels of TCE in the 
wellhead gas, which would be 250 days, 
^his graph alone cannot be used to pre-
'dict well the time needed to achieve the 
desired concentration of TCE in soil. 
However, it can be used as one of the 
steps in predicting the time needed for 
site remediation. 

Prediction of VOC Concentration in Soil 
from v o c Concentration in Wellhead Gas 

.As shown in Table VI, VOC concen
trations in the soil calculated from 
VOC concentrations in wellhead gas 
with the use of empirically derived 
Henry's constants are not in good 

agreement with the actually measured 
VOC concentrations in the soil. Thus, 
correlation of VOC concentration in 
the wellhead gas with the VOC concen
tration in soil with the use of simple 
calculation was not achieved in this 
project. However, it is useful to have a 
set of data that shows the concentra
tion of VOC in the wellhead gas and the 
corresponding VOC concentration in 
the soil in the vicinity of this well at the 
SEime time. Such data can be used as 
one of the steps in predicting the time 
needed for site remediation. 

Prediction of Time Required 
for Site Remediation 

.absolute con f i rma t ion of the 
achievement of the site remediation 
with the use vacuum extraction can be 
done with analysis of soil sifter the pro
cess is stopped. Since such tests are 
expensive and time consuming, it is 
useful to make some estimation of the 
time needed for site remediation. 

In this project, an approach was de
veloped that can be useful in making 

rough estimates iii lime needed for site 
remediation. This ,i[)pro.ich uses j 
multi-step calculntion rcquirin;,' the 
following inputs: 

• preliminary d;ila .ind estaljlishcd 
rel;iti(;nships from oiicraling vacu-
tim exlraclion al the site; 

• estimate of thc amounlof contami
nated soil at the site; 

• knowledge of the physical and 
chemical properlies of the contami
nant and of the basic soil character
istics at the site; 

• knowledge of site geology; 
• use of two mathematical models: a 

Vertical and Horizontal Spread 
(VHS) model and an Organic 
Leachate Model (OLM). A com
plete discussion of the VHS model 
can be found in the November 27, 
1985 Federal Register. A revised 
version of the OLM model is pre
sented in the July 29, 1986 Federal 
Register. 

These mathematical models allow 
the use of a regulatory standard for a 
given contaminant in drinking water, a 
compliance point in the model, to ar
rive at a target concentration of this 
contaminant in the soil. The regulatory 
standard for TCE in drinking water is 
3.2 parts per billion. The general out
line of this approach is to calctdate the 
wellhead gas concentration corre
sponding to the determined allowable 
soil concentration from the ratio of 
measured wellhead gas concentration 
to the determined soil concentration. 
Achievement of the calculated well
head gas concentration by operating 
the process would indicate achieve
ment of the target soil concentration. 
Calculation is done in steps. 

Step 1—The VHS model is used to cal
culate the concentration of 
VOC at a compliance point Cy 
from: 

C^ = C„ erf jZ/[2(a,Y)0.5ll 

Xerf[X/(a,Yl°5l 

Table V. Monitoring well number 3 (MWS): TCE reduction in soil strata. 

Depth 
fl. 

0-2 
2-4 
2-6 
6-3 
3-10 

10-12 
12-14 
14-16 
16-13 
18-20 
20-22 
22-24 

Description 
of strata 

M. stiff brn. fine sand 
M. stiff grey fine sand 
Soft It. brn. fine sand 
Lt. brn. fine sand 
Stiff V. fine brn. siltv sand 
Silty sand 
Soft brown silt 
Wet green-brown siltv clay 
Wet green-brown siltv clay 
Wet green-brown sillv clay 
Silt, gr.nvcl, and rock fra;;. 
M. stiff It. brn. med. sand. 

Permeability 
cm/s 

10-5 
10-5 
10-' 
I O 
lO-" 
10-" 
10-" 
10-^ 
10-8 
10-^ 
I0-" 
10-" 

TCE concentration 
mgAg (ppm) 

Pre-test 

10.30 
8.33 

30.0 
160.0 
ND 
ND 

316.0 
195.0 
218.0 

1570.0 
lOllO 
64.1 

Post-test 

ND 
800.0 

34.0 
ND 
63.0 

2.3 
ND . 
ND 
62.0 
2.4 

ND 
Nl) 
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Comparison of wellhead gas VOC concentration and soil VOC 

Tabic V I 
concentration 

Extraction 
well 

TCE cone, in 
wellhead gas 

(ppmv) 

TCE cone, in 
soil 

(ppniv) 

TCE cone, in soil 
predicted by 

Henry's I-.iw (p[imw) 

EWl shallow 
EWl deep 
EW2 shallow 
EW2 deep 
EW3 shallow 
EW3 deep 
EW4 shallow 

9.7 
5.6 

16.4 
14.4 

125.0 
58.7 

1.095.6 

54.5 
7.2 

ND 
20.4 
20.9 
18.0 
9.1 

O.U 
0.07 
0.20 
0.17 
1.53 
0.74 

12.49 

where: 

Cy = concentration of VOC at com
pliance point (mg/L) 

Co = concentration of VOC in leach
ate (mg/L) 

erf = error function (dimensionless) 
Z = penetration depth of leachate 

into the aquifer 
Y = distance from site to compli

ance point (m) 
X =v length of site measured per

pendicular to the direction of 
groundwater flow (m) 

a, = lateral transverse dispersivity 
(m) 

â  = vertical dispersivity (m) 

A simplified version ofthe VHS model 
is most often used, which reduces the 
above equation to: 

where: 

C/ = eri- \Z/[2ia.Y)°-^]] erf [X/ 
{atY)"-^], which is reduced to a 
conversion factor correspond
ing to the amount of contami
nated soil 

Step 2—The OLM model is used to 
calculate the target concen
tration of VOC in soil C, from: 

C„ = 0.00211 C^-S^V-^^ 

where: 

Co = concentration of VOC in leach
ate (mg/L) 

C, = concentration pf VOC in soil 

S = solubility of VOC in water (mg/ 
L) 

The calculated target TCE concentra
tion level in soil at Groveland site was 
SIX) parts F>€r billion. 

Step 3—Site specific data, such as is 
shown in Table VI, is used to 
calculate the required well
head gas concentration that 
would correspond to the tar
get VOC concentration in soil. 
Wilh the use of Table VI, if 
the calculated TCE concen
tration in soil is 500 parts per 
billion, then in the shallow ex

traction well number 1. (EWl 
shallow), the weU-head gas 
concentration would be 88.99 
parts per billion. 

Step 4—Site specific data, such as 
shown in Figure 5, is used to 
calculate the time required to 
achieve the wellhead gas 
VOC concentration that cor
responds to the target VOC 
concentration in soiL In this 
example, with the use of Fig
ure 5, the time needed to 
achieve the TCE concentra
tion in the wellhead gas of 
EWl shallow of 88.99 parts 
per billion would be about 
150 days. 

The above approach of predicting 
the time needed for site remediation is 
only one of many other approaches 
that can be used. However, regardless 
of the approach used, the vacuum ex
traction should be stopped and restart
ed several times before the soil sam
pling is done. The time intervals be
tween the se s t o p s can be again 
calculated from mathematical diffu
sion models that are applicable to the 
specific site. It is reasonable to believe, 
that if no increase in the wellhead gas 
concentration is measured, than the 
soil has reached its residual equilibri
um concentration. This residual equi
librium concentration of contaminants 
in soil should be less than the target soil 
concentration. 

Observation of the Operation of the 
Terra Vac System In Groveland 

The Terra Vac system operation was 
very reliable under the adverse weather 
conditions of the New England winter 
and required minimal attention. Actu
ally, this process can be operated unat
tended for days with just a periodic 
check of the vapor treatment system to 
confirm that no VOCs are emitted to 
the atmosphere. Placement of the va
por treatment system in the vacuum 
line before the vacuum pump assures 
that no VOCs escape lo the air in case 
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of a leak in the vacuum line. In case of a 
power failure, thc syslem 'j/ould be 
stopped without a potential for VQCs 
lo escape. Noise frorn the blower can be 
reduced with insulutin,; panels around 
il, and this needs to be done oniy If the 
syslem operates very close lo residen
tial are.i. 

Silling-out of an extraction well was 
the only operational problem seen, and 
this can be corrected easily by insull-
ing another well nearby. The sysiem is 
very flexible, and any modifications 
can be done very easily. 

Notes on Economics 

The vacuum extraction technology 
offers an economical option to remedi
ate sites contaminated with volatile or
ganics. Even when a contaminated site 
contains other contaminants, such as 
heavy metals, in addition to VOCs and 
semivolatiles, it may still be economi
cal to first remove the VOCs with vacu
um extraction Emd then utilize other 
technologies for complete remediation 
of the site. 

The economics of th i s process 
strongly depend on whether vapor 
treatment is required and whether any 
wastewater is generated at a site. Based 
on available data, the process costs be
tween $10 to S150 per ton of remediat
ed soil. When no vapor treatment is 
required and no wastewater is generat
ed, the remediation cost can be even 
less than SIO per ton. The result of the 
EP.A economic analysis of the Terra 
Vac process shows a cost-per-ton range 
of $27 to $66 (see Reference 2). 

In the SITE project 15,200 lb of acti
vated CEubon was used and 17,000 gal of 
wastewater was extracted from soil. 
The activated carbon was returned to 
the manufacturer for regeneration and 
the wastewater hauled to a permitted 
biological disposal facility. In a full-
scale application of vacuum extraction, 
both the regeneration of activated 
carbon and treatment of wastewater 
would be carefully planned Emd proba
bly done on site. 

Utilities requirements for the pro
cess are very low and usually do not 
exceed 1 percent of the totEd remedia
tion costs. -

Conclusions 

The following conclusions are drawn 
from examining data obtained from the 
eight-week SITE demonstration of the 
Terra Vac system in Groveland: 

• The process represents a viable 
technology with a promise to fully 
remediate site soils contaminated 
with volatile organic compounds. 

• In eight weeks of operation, the 
process extracted a significant 
amounc of VOCs (1.300 lb) and 
achieved non-detectable levels of 
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VOCs at some locations of the test
ed area. 
Ninety-five percent reduct ion of 
VOC concentration in the soil gas 
was achieved in the course of the 
demonst ra t ion . 
T h e process d e m o n s t r a t e d good 
pe r fo rmance in r e m o v i n g VOCs 
from soil with measured perme
ability ranging from 1 0 " ' to IO"* 
cm/s . It appears t h a t the process 
works well with a var ie ty of soils 
and under a broad range of geologi
cal condit ions. 
Good correlation was achieved be
tween the VOC recovery ra tes and 
t ime. 

Operat ion of the system was very 
reliable. 
T h e process is economical. 

Notice 

T h e project described in this paper 
has been funded by the U.S. Environ
mental Protect ion Agency under Con
tract No. 68-03-3255 and the Super-
fund Innovative Technology Evalua
tion (SITE) Program. Ment ion of t rade 
names or commercial p roduc ts does 
not cons t i tu te an endorsement or rec
ommenda t ion for use. 
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NEWSWATCH 

CONFUCT OF INTEREST ' 3 
EPA policy hits possible snag: EPA's new conflict of interest 
policy could be held up because of conflicts with a new 
govensnem-wideplan about to be released by OMB, according 
to an industry source. 

POTENTIAL FRAUD AND ABUSE 3 
Siiperfund makes OMB ''high-risk" list: Supeifund is among 
73 government programs targeted by the White House and a key 
Senator as vulnerable to fiaud, waste and abused -

CONTRACTOR LIABILITY „ • •,:•• ,.:, • 4 
Industry group pans EPA policy: A waste treatment industry 
group stnagly opposes EPA's proposed policy on indemnifica-
don. claiming the policy will protect neithrr Superfimd contrac-
tcn nor the public u 1 

INTERSTATE WASTE TRANSPORT 
EPA will notify states: EPA has decided to continue voluntar
ily notifying states of hazardous waste sbipmems osiginating 
fiom Slipeifiuid sites, despite recent court decisions that such 
notificadon is not required. 

•.<yi^^l^y.<&.?y*.^??* 

m & m M i ^ M M -•-.•^- •• 

' ' • ' • ' • • • ' • • ' • ' • ' ' ' i i i l ^ ^ 

liiHiiiiiiiliiiiiiiiilisil:^^ 

CONTRACTOR CONFUCTS, 5 
Pryor seelcs list of EPA double dippers: Sen. David PryOT has asked EPA to idendfy those companies that are woiidng simul
taneously f<x'the agency oidfa'Superfimd responsible parties^ :: ; / : - • ; • — > i r ' < J ; ' ^ ":;''ClR*^ . ' ' i Q O 

• •• • ; . : • • • • ; : : • <.. ' - . -7 : : ' • ' • . . . • • : . , • . : ' ' • . • . . • ' . i : ^ ' • } i y . j . . : i . • ' . i iP .V. tx -^ i ' . ' y 'A 

MUNICIPAL UABIL f r r . * 
New policy exempts cities and towns: EPA's new municipal settlement policy will exempt Ipail gpvernmeqits f r d n p ^ i ^ 
cleanup of landfills, provided they only sem trash and sewage to the site. . ..•,''l:^'^,'-''^^\''^.-'^^^.."^..,^f'-' 

WWft f i i 

LTTIGATION. 

f ; •• . ' . : : , . • - - : ' - • ' • . : . ^ , n - . . , ' : . : . V r . , - t H ^ ' ' C ^ M •• ro f l i 

• .• •; ••-.- • : . : . - - . ' . . : :..•:. ; . ^ ' l i d ; ; i H i h > ! ! i ' t y i l 

^ • , , . . . ; , . , , , . , . . ; ..i,.,,j.. •tt,t.t,\-t.,:.-,i„-T,:.:.;,.^,rt 1 2 

<ti i tWfftr i i»rgl a m J I l H * TheTT .S. has aslrwH a f<»ri«nil nrairt tr\ n i l > thflt i t rannnt hp: f iw-r i f n r n n w w n m p l i a m y w i t h rn lnrar fc t .aatu 

.laws, in the latest dJBWiopment of a nationai test case over states' righa at Superfund sites. ^. . M ^ ; ;, ..-.ff .>,ij ;ia •••.;ua!^vxw 
.•;•'••;; - r . • - . ' • • -.-.••- • '1 .;.. • • r - . / v ..•.•.•:. :•... .-r. . : .'j :\'.'ji-i^'-.yir.tr.StUnr-vna 

Enforcement stratfty: EPA, at the urging of Congress, has develtqied a new get-tough.enfarcemeat strategy that wilLputima 
:isacdce the agency's increased emphasis on unilateral cleanup orders (excerpts cf the strategy appear on page 2l)D:ii 0 sniJ 

- . • • ; . ; r ? - t . • . . . . . — . :̂  _ . - ^ • •_,_ ; ; - , - • , . ; ! • . ."V:. ' j ^ J n l M ^ : ! d 

R F f i l l l A T i n M ., - ..•.•••••••••• - i ^ f 

Remedy selection: EPA plans to streamline the remedy selection process by emphasizing five of the nine critena used to select 
cleanup plans in its National Contingency Plan. .: , • r<; ,: • _i. • ; ; iji.-n ;. l 

TECHNOLOGY "' " ' -• 3 J 
Bioremediation: EPA sciendsts have proposed a plan for limited regulation of genetically altered microcrganisms in an effot 

- •• • ' • • ' • • • , i , : " - " ^ • : . : . . - - : . ^ J v r r i to avoid unreasonable risk during use of biotechnology. 

REMEDIAL ACTION 3a 
Resettling Love Canal: Prospective home-buyers are eagerly awaiting an expected decision by the state of New York that would 
allow new construcdon and resetUement of t l^ Love C:\r\a\ area. c 
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CLEANUPCqSTS^ Unexpected Increases prompts Army Corps probe 
A jump in Superfbhd cinstmcdon cxias has prompted an Army Corps of Engineers invcsiigatioh into what may be 

causing thc price hikes, with the Corps trying to determine what role contractor financial guarantees may play in " ' 
pushing up prices. The Caps investigation isbeing carried out at EPA's request - , . . ".'"r" . "'. ' 
• ': •: Suspicion at this point is focused on constructirai bonds, according to some EPA and Corpis officiais, who say that 
difficulty in obtaining bonds may be limiting competition, with the lirnited competirion spurring higher costs. Another 
Corps source said the actual cost of bonds for hazardous waste work inay be the source of ttte higiier costs. The source 
said bond'posts were reportedly miming fiom-S% to as liigh ais 20% for Superfimd constructibn projects, versus aboat 
^ .5% for Don-S^)etfiuid construction projects. But a siirety industry source said bonds for Superfund construction con-
tiacts cost from 3% to 5% of tlie contract vafiie^ - ; • -. . •,,:• -;. 

As pairt of its contracting process, the Corps routinely estimates whata given project should cost Officials became 
alarmed toward tlie end of FY-1989 when it became apparent tliat alot bf contract bids were coming in higher tlian the 
Cbrps hiad esriiriated. A Corps official said tliat in the past. Corps estiinates were generally in tlie nuddle of the range 
iof bids received. But last year, the official said, the Cops estimates began to slip towards the low end of received bids, 
indicating that costs are going up. Corps and EPA officials aU agreed that costs are a good bit higher than expected,^ 
but declined to provide iu:tuai numbers. _̂  ; „ , . . : - - • . . . - • , •:; : .:: 'JT-̂ .J v; 
; ..Several poasiblfi explanations for the cost increases were suggested by Conis arid EPA o f f i ^ ^ 
bonding diffirnlries described above. Also mentioned were the possibility that the higher costs are a resultof using 
new technologies, or that the increases result from die increased demand generated taring the spurt of remedial action 
starts late in the last fiscal year. 
I ,:;Gn order to meet astamtoo'rcquirementthaLthe agency begin 175 new remedial actions by Oci 17,1989, EPA'. 
had tO'Sign a large number of.ctxitiacts late in the fiscal year. This sudden ^ur t of construction procurement may fiav^ 
resulted in higher costs doe to tfae increased demand.) 

But tbe focus of current investigations is the b(Midingquesti(m. EPA has asked the Corps td'cury out a Study of if 
and how bonding difficulties are affecting the cost of remedial action. The results of the study are expected by the end 
ofJanuaryT-RobertHarrelson " "~" 

:-X':-:':-:':-:^-S;<":';v:-:->:'V 

COST PROJECTIONS — Real liability greatly exceeds estimates, study shows » 
Responsible parties sbould expect to pay much more fea Superfund cleanups than is usually esrimatfid. according., 

to earlyresnltsof a stady financed by industry and die Dept of Energy. The rqigt shows that co^ estimates for ' :.^ 
renied^ acti'on projects are highly iniaccui^, witb real costs excee(fing iro ' ' 

Tbese results have implicatitxis dirougfaout die SuperfiuKl prograrn: respoisibte parties liabiUty^ugri^^ 'J^' 
they may diink; Siqieifund settiemeots may not be netting die agency sufficient fimds to actually pay for cleanups^^id. 
the Siqierfiind budgeting process may not be reserving enough money to pay for planned fimd-lead activities. . 

^ ' The remarkahtelMiig about die preliminary smdy results, 
aobonfiuK to thereMiiifiaAQ^ ifie doctiiming high levels of 
uncertainty all die wyilhuiugh tfaecodttacdiig process.'For 
ncn-hazardoos wastBf oqntmction projects it is generally pos
sible to esciciiate o o a to'witb&'afiew'pisc^ 
tune of die comacttwartt sources saiy.-'^^ •̂ •'̂ •' 

hi a related development, EPA has asked the Corps of 
fiigineen to lode at why recent ccnstructioo coDiract bids are 
coming mhi^ierdian expected (see related stay above). : 

First results of the study mdicate diat real cleanup costs 
average 31% more than omnaa amounts, acceding to the 
reisearchers, while die mean cost growth (the amoum by which 
real costs surpass estimates) is about 50% at the remedial 
investigatioo/feasibillty smdy and the record of decisionstages. 

This means that, on average, a remedial action that is 
estimated to cost $10-millian at the time the RI/FS is done will 

.\^^..-y.<-<|•^^^*^•.<:i!^•|'^•.^•ii^.•^^l^:l•yy.^^:^^^^^ 

:MwwHl::ffNnHlMnn 

CONTRACTOR CONFLICTS:. ; ^ , 
tidustry sees'mag for EPA policy p.'3 t; " '̂,' 
• ' . i * ) i . - l i •'..: •! ! ' * • ' . '•.-• , : - ' j : ^ - - v ' : f . - •••- . • - ' - / ' '•'-

POTENTIAL FRAUD AND ABUSE: , . .. 
Superfund among OMB targets p. 3 

SriEFUNDING: ^ - ' ' 
EPA ups regions' authority to shift resources p. 6 

CONTRACTOR LIABILITY: ' ' 
Industiy group denounces EPA policy p.4 
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end up costing 50% more, or $ 15-million. By the time construc
tion contracts are awarded, the average cost overrun is running 
about 31% ($13.1-millianreal cost for a $10-miiiion contract). 

Cost overruns are atao the focus of a project underway 
withinEPA'sOfBceofWiBttftt>gnnnsEnforcement(OWPE). 
OWPE is working ansdttabase diat agency officials say will 
be used to calculate piemium payments for Superfund settle
ments. The premiums are intended to cover costs in excess of 
the amount of the setUement, restdting either from overruns or 
from a need to do more woik a a site. The OWPE database is 
in place, according to agency officials, but is not yet operational 

NEWSWATCH 

(see Superfimd Report, Oct. H . P - 2 ) . 
Reasons for the identified consmiction cost ovemms are 

unclear—one of the purposes of die smdy is to look at why this • 
is happening — but the researchers suspect diat the use of 
innovative technologies is a contributing facta. .̂  i ; 

The smdy is being conducted by Independent Project 
Analysis (IPA), a private firm under contract to a consortium of: 
major companies, with substantial funding also coming from, 
the Dept. of Biergy. IPA researchers say the smdy sponsors are; 
anxious to gain abetter understanding of just what their^real 
liabilities may be. -;•--•..•• . M r . ; . - ^ 

CONTRACTOR CONFLICT OF INTEREST — Industry sees snag tor EPA policy j j 
EPA's new conflia of interest policy, scheduled for release in eariy 1990, may be held up because of inconsisten

cies widl a government-wide policy under preparation by the Office of Management & Budget, according to an . ...̂  
industry source. But an EPA official discounted diis, saying there are unlikely to be any major differences in the two •...̂ ' 
policies, and die agency expects to release die policy in January as planned. :-.?::; 

The industry source cited several aspects of EPA's proposed policy that he said would violate die OMB plaiw ^ ^ ~ r, 
including the definition of what constiutes a conflict of interest Other inconsistencies cited by the source were the 
scope of die policy (EPA's policy would apply to die provision of basic engineering services, for example, while ;v ,:^; 
OMB's would not) and die way the policy would be implemented. ^ . .T 

The EPA official said die agency ^rolicy would not be inconsistent with the OMB plan, but add EPA may go :^i;s 
further dian OMB. The official said OMB's policy would serve as a government-wide "baseline," setting a minimiimjgf' 
standard diat must be met by all federal agencies, but said EPA is free to go beyond what is required by OMB in wdesjj 
to protect die Superfund progranL -.. -,. 

h 
: -:.••• I . • ..• .; • : . : . " ~ G J 3 S 

are barred from doing work related to policy developinem. But^ 
several sources in die connractor community have indicated 
they are more concemed by the restrictions placed on Super-
ftmd contractors wishing to work for potemially responsible-
parties. • . . ..-'•. • , : i ry 

Among die general proposals contained m the draft EPA. 
policy are the following: :.-•.. :\:ti:A 

<• Existing contracts will be modified to confonn widi die 
new policy by Sept. 30,1990. 

«• EPA contracting officers will be required to documen^ 
decisions related to conflia of interest determinations. ,;:̂ ;; rj 

* Contractors who receive EPA work assignments will be 
required to certify diat no coofUa of interest wiU arise based qn, 
the assignment. ^ - .'̂ •. - •::. i.ij p cdi 

/* New Superfimd contractors will be required to submit â  
conflict of imoest avoidance plan to EPA for approval,, . u \Q 

..<» Contractors will be required to submit lists of all, diei^ 
clients, for use by EPA m determining if a coiflict existSi}::iiii 

. ; ., • : - • . : • ; : " . . . . . . - ; ^ ••••-••_ -.•-. . ; . : .-. ^ " J r . . } ' ' J l • . : J i i ' : ' . l - ' 

r'..,.; •_^:~ • •:.or •••" •: : -, .^^ . ir ' ; iv.-^A'j.Ki-.^to^iiisrta 
•'.-:-•'' :.-.'.j:nb3s 

^ , 

The OMB plan, entitied "Policy Letter on Consultants and 
Conflicts of Interest," is presendy in final draft form, with 
pubUcatitm in die Federal Register expected SOOIL 

Also unclear is die extern to which EPA has taken into 
account the OMB policy in developing its own conflict of 
interest plaiL An EPA official said die agency bas been aware 
of and has considered die OMB plan all along, buran industry 
source says it was only last week diat die agency became aware 
of die possible conflict with die OMB policy. 

The .1989 Defense Dqiaitment Appropriations bill re^. 
quired OMB to develop govemmem-wide standards on c(m-
flicts of interest fpr ctBisidtants working for die government, as 
well as procedures for promoting compliance widi die^stan-

Conflict of interest in die Superfimd program has recendy 
been die subjectpf congrnminnal hearings, a General Account
ing Office report, and imemal EPA reviews. ..>., 

., ' One EPA plan fordBaling with conflicts has already been 
implemented.Underdtil{dan.^upeTfundresponsecoitractors . . •;: . _-; - ^ 

COST MANAGEMENT °-- OMB targets potential Sup®rfynd fraud, wsst©'; 
The White House and a key congressman have targeted 73 govermnent progruns,-including EPA's $8.5-billiaa{^§ 

Superfund program, as vulnerable to fraud, waste; and abuse, in a move sparked by die Busk Adminutration to.jteadi^f[, 
future scandals of the type diat shook the P e p t oif Housing & Urfoaiî ^ Development earlier dus year.'. -- •, s^.r- r • ;L A * ^ 

The "high-risk list," compiled by White House Office of Management & Budget Director Richard Df^nan.andj >0 
made pubUc by Senate Government Operations Comnuoee chairman John Glenn (D-OH), seeks controls OIK Superfund; ̂  
costs and expenditures through such methods as tighter contractor oversight and accounting procedures. 

"These lists represent the smoke behind which a fire may be raging," Glenn sud. "When the Inspector General of 
HUD reported similar problems in past years, insufficient notice was taken by bodi die Admirustiration and die 
Congress, and a scandal erupted. We must make sure these waming signs are healed." 

Considered "high risk" by OMB were Superfund contracts management, property management and Trust Fund 
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financial audits. The OMB list said, "Superfund Trust Fund audits have reported diat many accounts receivable in die . 
Superfimd program are not recorded until after receipt of checks. A recent Inspector CJeneral review identified $8- V 
million of such accounts in one regional office." 

A letter by Darmm to high-level agency officials last August emphasized die need for EPA to "put controls in 
place to insure die ramfpsj of die program" dirough better management of agency spending. The letter also acknowl
edged OMB's cODoem with EPA's financial management computer system, 5 instances of agency noncompliance widi 
General Accounting Office accounting standards and more dian 200 internal agency weaknesses. Furdicrmore, 
according to Sen. David Pryor (D-AR), EPA's alleged failure to exercise adequate oversight of its Superfund contrac
tors could lead to conflicts of interest ; . - • - . - >- ; .u . 

Darman acknowledged die likelihood of fidl-blown mismanagement scandals at agencies odicr dian HUD at a '' 
hearing earlier diis falL 

^ 
2 

CONTRACTOR LIABILITY — Industry group denouhMS EPA policy • ^ 
A waste treatment industry group strongly opposes EPA's proposed policy on contractor indemnification, saying 

die policy fails to protect private firms while at the same time inadequately protecting die public by providing no sure 
source of payment for botched cleanups. In a siunmary of die group's comments, which are presentiy in draft form, the 
group says that EPA's overriding objective under the new policy is to avoid liability for pollution arising from Super-
fund cleanups. • .. . ' '.r. -- . .. _ . .. . ; 

The comments are being prepared by the Hazardous Waste Action Coalition (HWAQ in response to guidance on 
contractor indemnification proposed Oc t 31. (see Super/iuid Report, Nov. 8, p.5). 

The group's comment summary finds nothing to praise in the EPA proposal, and points out what die association'' 
alleges are factual errors and inconsistencies widi die Superfund law. All of diis. according to HWAC, adds up to an 
indemnification proposal diat "fails to meet SARA Section 119 objectives." Section 119 of die 1986 amendments to'*^-^ 
die Superfund law (SARA) audiorized the President (who delegated die authority to EPA) to indemnify response •'-'̂ '-' '• 
action contractors (RACs) against liability for work done at Superfund sites, and required EPA to develop guideliiies'^ '' 
to carry out die indemmfication provision. EPA has been operating under an interim policy, issued in 1987„ which 
would be replaced by die proposed policy. 

• ? - : • ! 

HWAC charges in its comments diat the effect of die policy 
will be to place most of die liability burden on RACs, despite 
what HWAC describes as EPA assertions diat "the proposed 
guidelines are designed to protect RACs fiom liability while 
fiilfdling odier public policy goals." 

Some of HW AC'S concerns are: 
Deductibles: HWAC says die deductibles proposed in die 

guidelines are "punitive," and diat diey will "force contractors 
to assume high levels of uninsured risk." 

The proposed guidelines allow variable deductitms for 
differem types of contracts. Of concem to HWAC is die fact diat 
die gtudelines say die indemnification deductible is on a per 
occuircnce basis. Thus, if a comractcr has a deductible amoum 
of Sl-million, die contracto' will be liable for die first $1-
million of each claiin.Hiriotal liability of die contractor is 
l im i t i v l rm ly hy tha n i i iwlMj . i r f r la i tne 

Lhnits: HWAC a ^ l die pnqiosed indemnification linuts 
are inadequate given die risks posed by potentially large claims 
and multiple-site comracts.^ 

The proposed guidelines set an indemnification linut of 
$50-million, widi a minitTnim of $l-milli(ni, widi die limit 
defined as a contraa aggregate limit Thus, for a given contract 
EPA will make indemnification payments only up to die amoum 
of die liiiiit agreed upon, whidi cannot exceed $50-million, 
regardless of die number of claims. 

HWAC also charges diat EPA's guidelines contain "a 
number of startling inconsistencies or factual errors." Among 
them: • --' -

* HWAC says EPA's assertion diat engineering firms are 
doing Superfund work without indemnification for die depart
ments of Defense and Energy is wrong. HWAC says the 
congressional General Accounting Office has explicidy found 
that DOE and DOD confractors are indemnified under die 
Federal AcquisititBi Regulations. . . • -

* H W A r crmtmatf. KPA's -qrimiCTinn" that inri<>mnifira-' 

ti(m has saved die govemmem millicHis of dollars (diat would 
have been spent reimbursing insurance payments) widi the 
agency's apparent willingness, under die draft guidelines, to 
add to die cost df die Superfund program by beginnmg to pay for 
contractors'msurance. " - - .wO' iu i 

* HWAC charges diat die guidelines fail to look at die 
"nature and magnitude" of die lisksfaddg contractors, "despite' 
clear direction by Congress to do so." 

* The proposed guidelmes are in direct violation cf the; 
Fiederal Acquisition Regulations, says HWAC, because die 
proposal wodd have EPA add to die price supplied ill a sealed 
bid, even dibngh die added costs cannot be predcted. '' '^"^ 

The commemperiod on die EPA proposal closes Jan. 2: An" 
HWAC official said die coalition's final 'oBnments will be 
submittedshatly before die d e a d l m c . ' ^ " ''.''• ''-•'-'••'̂ -

L 
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